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METHOD, APPARATUS, SYSTEM, AND ARTICLE OF MANUFACTURE 
FOR PROCESSING CONTROL DATA BY AN OFFLOAD ADAPTER 

BACKGROUND 

1. Field 

5 [0001] The disclosure relates to a method, apparatus, system, and an article of 
manufacture for processing control data by an offload adapter. 

2. Background 

[0002] A network adapter may be coupled to a host system to provide communications. 
Some network adapters may provide hardware support for the processing of data related 

10 to the Transmission Control Protocol/Internet Protocol (TCP/IP) that may be used for 
communications. Such network adapters may be referred to as TCP/IP offload engine 
(TOE) adapters. Further details of the TCP/IP protocol are described in the publication 
entitled "Transmission Control Protocol: DARPA Internet Program Protocol 
Specification," prepared for the Defense Advanced Projects Research Agency (RFC 793, 

15 published September 1981). 
, [0003] TOE adapters may perform all or major parts of the TCP/IP protocol processing, 
including processing send requests, i.e., requests to send packets from a host system to a 
computational device. High speed data transmission technologies may be used for 
coupling a host system to a network. As a result a TOE adapter coupled to the host system 

20 may have to handle a large number of connections. The flow of packets to and from the 
host system in such high speed transmission technologies may be high. The TOE adapter 
may store control data related to a large number of packets and connections, where the 
control data may include information about the packets and connections. Further details 
of the TOE adapter in high speed data transmission technologies, such as. Gigabit 

25 Ethernet, are described in the publication entitled "Introduction to the TCP/IP Offload 
Engine" available from the 10 Gigabit Ethernet AUiance (published April, 2002). 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0004] Referring now to the drawings in which like reference numbers represent 
corresponding parts throughout: 

FIG. 1 illustrates a block diagram of a computing environment, in accordance 
5 with certain described embodiments of the invention; 

FIG. 2 illustrates a block diagram of data structures implemented in the computing 
environment, in accordance with certain described embodiments of the invention; 

FIG. 3 illustrates a block diagram of data structures implemented in the computing 
environment, in accordance with certain described embodiments of the invention; 
10 FIG. 4 illustrates operations, in accordance with certain described embodiments of 

the invention; 

FIG. 5 illustrates operations, in accordance with certain described embocKments of 
the invention; 

FIG. 6 illustrates operations, in accordance with certain described embodiments of 
15 the invention; and 

FIG, 7 illustrates a block diagram of a computer architecture in which certain 
described embodiments of the invention are implemented. 

DETAILED DESCRIPTION 

20 [0005] In the following description, reference is made to the accompanying drawings 
which form a part hereof and which illustrate several embodiments. It is understood that 
other embodiments may be utilized and structural and operational changes may be made 
without departing from the scope of the present embodiments. 
[0006] Certain embodiments comprise a protocol processor, such as, a protocol 

25 processing application, in a network adapter coupled to a host system. The protocol 
processor is capable of processing commands related to a networking protocol or any 
other protocol. In these embodiments, the protocol processor may reduce memory 
requirements in the network adapter by utilizing the memory in the host system to store 
control information related to protocol processing. 
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[0007] FIG. 1 illustrates a block diagram of a computing environment, in accordance • 
with certain embodiments of the invention. A host system 100 maybe coupled to a 
plurality of computational devices 102a...l02r over a network 104. The host system 100 
sends and receives packets over the network 104. The packets may be for communication 
5 between the host system 100 and one or more of the computational devices 102a... 102r. 
The host system 100 maybe a computational device, such as a personal computer, a 
workstation, a server, a mainframe, a hand held computer, a palm top computer, a laptop 
computer, a telephony device, a network computer, etc. The computational devices 
102a... 102r may include various types of computers, routers, storage devices, etc. The 

10 network 104 may be any network, such as the Internet, an intranet, a Local area network 
(LAN), a Storage area network (SAN), a Wide area network (WAN), a wireless network, 
etc. Also the network 104 may be part of one or more larger networks or may be an 
independent network or maybe comprised of multiple interconnected networks. In certain 
embodiments, the network 104 may be implemented with high speed transmission 

1 5 technologies, such as, Gigabit Ethernet technology. 

[0008] The host system 100 may comprise at least one host processor 106, a host 
memory 108, at least one host application 1 10, and a network adapter 1 12. Instructions 
that comprise the host application 1 10 may be stored in the host memory 108 and 
executed by the host processor 106. Certain regions of the host memory 108 may be 

20 utilized for processing by the network adapter 112. The host application 1 10 may 
generate commands related to the TCP/IP protocol for the network adapter 1 12. For 
example, the host application 1 10 may send or receive packets via the network adapter 
112. 

[0009] The network adapter 1 12 may include a network adapter that includes hardware 
25 support for processing at least some commands related to at least one IP protocol, such 
as, the TCP/IP protocol. For example, the network adapter 1 12 may include a TCP 
offload engine adapter or other logic capable of causing communications. 
[0010] The network adapter 1 12 includes an adapter processor 1 14, an adapter memory 
1 16, and a protocol processor 118 that processes commands related to a communications 
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protocol. The adapter processor 1 16 may comprise an application specific integrated 
circuit (ASIC), a reduced instruction set computer (RISC) processor, a complex 
instruction set computer (CISC) processor, etc. The adapter memory 1 16 may be any 
memory known in the art, and in certain embodiments may be referred to as a side 
5 random access memory (side RAM). In certain embodiments, the storage capacity of the 
adapter memory 1 16 is significantly less that of the host memory 108. The protocol 
processor 118 may be implemented in hardware and/or software in the network adapter 
1 12. If the protocol processor 1 18 is implemented at least in part in software, code for the 
protocol processor 1 1 8 may reside in the adapter memory 1 1 6 or any other storage on the 

10 network adapter 112. In certain embodiments, the protocol processor 118 maybe 

implemented as an ASIC in hardware as part of the network adapter 1 12. In alternative 
embodiments, the protocol processor 118 may reside outside the network adapter 1 12, 
such as in the host memory 108 of the host system 100. In yet additional embodiments, 
the network adapter 1 12 including the protocol processor 118 may be implemented in the 

1 5 host processor 1 06. 

[0011] The protocol processor 118 utihzes the host memory 108 for storing control 
information related to protocol processing, thereby reducing and/or minimizing memory 
requirements of the adapter memory 118. Protocol processing may include the processing 
of instructions related to a protocol. The control information is metadata related to the 

20 packets sent and received by the network adapter 1 12. Such metadata may include 
protocol control blocks of the TCPAP protocol. Other networking protocols may have 
other types of metadata. Since the adapter memory 1 16 may be significantly smaller in 
storage capacity than the host memory 108, packets may sometimes be processed at a 
faster rate when the host memory 108 is utilized by the protocol processor 118. 

25 Furthermore, since the memory requirements of the adapter memory 1 16 are reduced, the 
cost of the network adapter 1 12 may be reduced. 

[0012] FIG. 1 illustrates how in.certain embodiments the protocol processor 1 18 in the 
network adapter 1 12 utilizes the host memory 108 for processing control data related to 
TCP/IP protocol processing. 



-5- Docket No. PI 61 87 

Firm No.0077.0029 

[0013] FIG. 2 illustrates a block diagram representing data structures that may be 
implemented in the host system 100, in accordance with certain embodiments of the 
invention. Data structures implemented in the host system 100 include data structures 
representing a plurality of sessions 200a... 200m, a plurality of packets 202a... 202n, and a 
5 plurality of protocol control blocks 204a... 204p. In certain embodiments the data 

structures may be implemented in the host memory 108 or the adapter memory 1 16 of the 
host system 100, and a session may include one or more related data exchanges 
established between the host system 100 and a computational device 102a... 102r. In 
certain embodiments the data exchanges included in a session may be unrelated arid 

10 sessions may be formed in any protocol layer. 

[0014] The sessions 200a... 200m may represent TCP/IP sessions, where a TCP/IP 
session may include a set of data exchanges established between the host system 100 and 
a computational device 102a... 102r. A session has at least one protocol control block. For 
example, session 200a includes the protocol control block 204a. A protocol control block 

15 stores information representing the state of a session. For example, the protocol control 
block 204a may store information representing the state of the session 200a. A protocol 
control block 204a... 204p may include the number of packets received in a particular 
session, the number of packets sent in a particular session, timing data related to a 
particular session, etc. 

20 [0015] The packets 202a.. .202n may represent TCP/IP packets for communication 
between the host system 100 and a computational device 102a... 102r. The packets 
202a... 202n may be received by the network adapter 1 12 or transmitted by the network 
adapter 1 12, The protocol processor 118 processes the packets 202a.. 202n and updates 
the protocol control blocks 204a..204p corresponding to the session 200a...200n to which 

25 a packet belongs. 

[0016] FIG. 2 illustrates how the protocol processor 1 1 8 processes packets 202a.. .200n 
and updates the corresponding protocol control blocks 204a...204p. 
[0017] FIG. 3 illustrates a block diagram representing data structures implemented in 
the host system 100, in accordance with certain embodiments of the invention. Data 
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Structures implemented in the host system 100 may include data structures representing a 
packet 302, a protocol control block 304, a bit array 306, a work queue 308, and a priority 
generator 310. In certain embodiments, the data structures maybe implemented in the 
host memory 108 or the adapter memory 1 16 of the host system 100. 
5 [0018] The packet 302 is a representative data structure corresponding to the packets 
202a...202n. The packet 302 may include a header 312 and packet data 314 where the 
packet data 3 14 is a data payload. The header 312 may include a TCPAP receive window 
316, where the TCP/IP receive window 316 may include information related to the 
amount of resources available for receiving TCP/IP packets at a remote system, such as, a 

10 computational device 102a... 102r, that is in communication with the host systemlOO. 
[0019] The protocol control block 304 is a representative data structure corresponding 
to the protocol control blocks 204a.. .204p. The protocol control block 304 stores 
information reflecting the state of a session established between the host system 100 and 
a computational device 102a... 102r. For example, the protocol control block 304 may 

1 5 include a congestion window 318, where the congestion window 318 may include 

information on the extent of congestion in the network 104 that has an effect on packet 
based communications between the host system 100 and the computational devices 
102a...l02r. 

[0020] The protocol processor 1 1 8 is capable of updating the protocol control block 304 
20 based on information included in the header 3 12 of a packet 302 that has been received 
via the network adapter 1 12. Additionally, the protocol processor 1 18 is capable of 
updating the header 3 12 of a packet being sent via the network adapter 1 12, where the 
information to update the header 312 may be extracted from the protocol control block 
304. 

25 [0021] The bit array 306 is a data structure stored in the adapter memory 1 1 6 of the 
network adapter 1 12 which indicates the sessions 200a... 200m that are capable of 
processing send requests, i.e., requests to send packets from the host system 100 to a 
computational device 102a... 102r. In certain embodiments, the bit array 306 may have a 
plurality of bits with a bit representing a session. For example in certain embodiments. 



-7- Docket No. P16187 

Firm No.0077.0029 

each bit may represent a different session. If at a point in time a bit representing a session 
is one then the session is capable of processing send requests at that point in time, and if 
the bit is zero then the session is incapable of processing send requests at that point in 
time. For example, if the congestion window 318 of a protocol control block 304 
5 corresponding to a session indicates that there is too much congestion in the network 104 
to send a packet in a session, then in the bit array 306 the bit representing the session 
may be zero. Additionally, information from the TCP/IP receive window 316 extracted 
and stored in the protocol control block 304 may also indicate that a certain session is 
incapable of processing send requests from the host system 100 because of inadequate 
10 resources at the receiver, such as a computational device 102a... 102r. Other data 
structures besides a bit array 306 may be used to indicate the capability of a session 
200a... 200m to process send requests. 

[0022] The work queue 308 is a data structure stored in adapter memory 1 16 that 
includes commands 320a.. .320t that are awaiting to be processed at the network adapter 

15 112. The protocol processor 1 1 8 may generate commands to process packets 202a...202n. 
Not all commands generated by the protocol processor may be executed by the network 
adapter 1 12 simultaneously. The protocol processor 118 delays the execution of certain 
commands by placing the commands in the work queue 308. 
[0023] The priority generator 310 may indicate a Ust of commands that have to be 

20 executed with a high priority. In certain embodiments, the priority generator may be a 
delayed acknowledgment timer, where the expiry of the delayed acknowledgment timer 
indicates that certain sessions have to be executed immediately. The delayed 
acknowledgment timer acknowledges packets received at the network adapter 1 12 via a 
transport protocol, such as the TCP/IP protocol. The protocol processor 118 may select 

25 commands from the work queue 308 for priority processing based on information 
generated by the priority generator 310. 

10024] FIG. 3 illustrates how a bit array 306 stores information on the sessions that are 
capable of processing send requests. FIG. 3 also illustrates how a priority generator 310 
can prioritize certain commands over other commands. 
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[0025] FIG. 4 illustrates operations implemented by the protocol processor 1 1 8, in 
accordance with certain embodiments of the invention. 

[0026] Control starts at block 400, where the protocol processor 1 1 8 in the course of 
TCP/IP protocol processing stores protocol control blocks 204a... 204p in the host 
5 memory 108. The host memory 108 is greater in size than the adapter memory 1 16 and a 
larger number of protocol control blocks can be stored if the protocol control blocks are 
stored in the host memory. 

[0027] During the course of protocol processing, the protocol processor 1 1 8 periodically 
updates (at block 402) the bit array 306 to indicate which of the sessions 200a... 200m are 
10 capable of processing send requests. The updates may be based on values stored in the 
congestion window 318 or information extracted from the TCP/IP receive window 316 
but could be based on any other information. 

[0028] The protocol processor 1 1 8 receives (at block 404) a send request from the host 
application 110. The send request from the host application 110 may be a request to send 

1 5 a plurality of packets corresponding to a particular session from the host system 1 00 to a 
computation device 101a.. 102r over the network 104. In alternative embodiments, the 
send request may be generated by the protocol processor 11 8 in order to send an 
acknowledgment of received packets. The send request is associated with a session. 
[0029] The protocol processor 1 1 8 determines (at block 406) from the bit array 306 if 

20 the particular session corresponding to the send request is capable of processing the send 
request. The bit array 306 includes information on whether a session is capable of 
iprocessing a send request. For example, based on the value of the congestion window 318 
of the protocol control block 304 of a session, the corresponding bit in the bit array 306 of 
the session may have been set to zero or one at an earlier point in time. If the "protocol 

25 processor 1 1 8 determines (at block 406) that the particular session is capable of 

processing the send request then the protocol processor 118 fetches (at block 408) the 
protocol control block corresponding to the session from the host memory 108 to the 
adapter memory 1 16. The protocol processor 118 takes less time to access the protocol 
control block from the adapter memory 1 16 when compared to accessing the protocol 
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control block from the host memory 108. Since packets have to be sent, the protocol 
control block corresponding to the session of the packets may have to be accessed or 
updated. Therefore, the protocol processor 118 fetches the protocol control block from 
the host memory 108 to the adapter memory 116 before sending the packets. Since the bit 
5 array is an array of bits, the bit array takes only a small amount of memory in the adapter 
memory 116. 

[0030] The protocol processor 1 1 8 sends (at block 4 1 0) the packets con-esponding to 
the send request and updates the protocol control block in the adapter memory 1 1 6. If 
protocol processor 1 18 determines (at block 406) that the particular session is incapable 
10 of processing the send request then the protocol processor 1 1 8 queues (at block 412) the 
send request from sending later on. In certain embodiments, the send request in put in the 
work queue 308 for processing later on. 

[0031] FIG. 4 illustrates how the protocol processor 118 stores protocol control blocks 
in the host memory 108 and on receiving a send request fetches a protocol control block 
15 from the host memory 108 to the adq)ter memory 1 16 when a session including the 
protocol control block is capable of processing the send request. 
[0032] FIG. 5 illustrates operations implemented by the protocol processor 1 1 8, in 
accordance with certain embodiments of the invention. 

[0033] Control starts at block 500, where the protocol processor 118 processes packets 
20 202a.. .202n to perform protocol processing. During protocol precessing the protocol 
processor 118 stores protocol control blocks in the host memory 108. The protocol 
processor 1 18 determines (at block 502) if any commands are likely to be processed soon. 
For example, the priority generator 310 may indicate that a delayed acknowledgment 
timer is nearing expiry and the command 320b may have to be processed soon. Other 
25 embodiments may use a different or additional criterion to determine if any command is 
likely to be processed soon. If the protocol processor 1 1 8 determines that a command is 
likely to be processed soon then the protocol processor 1 1 8 prefetches (at block 504) the 
appropriate protocol control block from the host memory 108 to the adapter memory 1 16. 
The protocol processor 118 executes (at block 506) the command from the work queue 
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308 and updates the protocol control block in the adapter memory 114. In alternative 
embodiments, the command may reside outside of the work queue 308. 
[0034] If the protocol processor 1 1 8 determines that a command is not likely to be 
processed soon then the protocol processor 118 returns control to block 500, where the 
5 protocol processor 118 processes packets to perform protocol processing. 

[0035] FIG. 5 illustrates how the protocol processor 1 1 8 prefetches those protocol 
control blocks that are likely to be used soon from the host memory 108 to the adapter 
memory 116. 

[0036] FIG. 6 illustrates operations implemented by the protocol processor 1 18, in 

10 accordance with certain embodiments of the invention. 

[0037] Control starts at block 600 where the protocol processor 1 1 8 allocates metadata 
related to a packet in the host memory 108, where the host memory 108 is coupled to the 
host 1 10 that is coupled to the network adapter 1 12. In certain embodiments, the metadata 
may comprise the protocol control block 204. The protocol processor 118 may maintain 

15 (at block 602) a data structure, such as, the bit array 306, to indicate sessions capable of 
processing requests. The protocol processor 118 determines (at block 604) based at least 
in part upon the data structure whether a received request can be associated with a session 
that is capable of processing the request. If so, the protocol processor 118 copies (at block 
606) the metadata from the host memory 108 to the adapter memory 1 16 that is coupled 

20 to the network adapter 112. Optionally, the protocol processor 118 may also have fetched 
the metadata from the host memory in anticipation of a requirement for protocol 
processing of the metadata. The protocol processor 118 processes (at block 608) the 
copied metadata. 

[0038] If at block 604, the protocol processor 1 1 8 determines that the request cannot be 
25 associated with any session that is capable of processing the request then the protocol 
process queues (at block 610) the request for later processing and control returns to block 
604. 

[0039] Certain embodiments comprise a protocol processor 118 implemented in a 
network adapter 1 12 coupled to a host system 110. The protocol processor 1 18 utilizes 
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the host memory 108 in the host system 1 10 for storing metadata, such as, control data, 
related to protocol processing for both sending and receiving packets and minimizes 
memory requirements in the network adapter 112. The metadata may include information 
related to the control data. Certain embodiments may prefetch the stored metadata from 
5 the host memory 108 to the adapter memory 1 16 in anticipation of the stored metadata 
being required As a result, protocol processing may not have to wait for the metadata to 
be copied from the host memory 108 to the adapter memory 1 14. 
[0040] Furthermore, in many embodiments, such as, when a hierarchy of protocols 
formed by higher level protocols operating over lower level protocols have to be 

10 processed by the protocol processor 1 1 8, the size of the metadata for a session may so 
large that storing the metadata of a plurality of sessions may exceed the size of the 
adapter memory 1 16. In such a situation, certain embodiments can still perform protocol 
processing by storing the metadata of the plurality of session in the host memory 108. 
[0041] Additionally, in these embodiments by maintaining information on the sessions 

15 that are ready to process packets in the adapter memory 1 16, the protocol processor 118 
can selectively copy the metadata associated with only those sessions that are ready to 
process packets. 

[0042] These embodiments reduce the need for data staging buffers in adapter memory 
resulting in a smaller adapter memory size and may resuh in a less expensive network 
20 adapter. Some embodiments may be implemented in LAN-on-motherboard, i.e., a LAN 
enabled motherboard, configurations. Some embodiments are also suited for TOE 
integration to processor chip sets. Certain embodiments allow the network adapter to 
process a large number of packets at a rate that is adequate for the flow of packets by 
offloading control data, such as, protocol control blocks, to the host memory. 

25 

Additional Embodiment Details 
[0043] The described techniques may be implemented as a method, apparatus or article 
of manufacture involving software, firmware, micro-code, hardware and/or any 
combination thereof. The term "article of manufacture" as used herein refers to program 
30 instructions, code and/or logic implemented in circuitry (e.g., an integrated circuit chip. 



-12- Docket No. PI 61 87 

Firm No.0077.0029 

Programmable Gate Array (PGA), ASIC, etc.) and/or a computer readable medium (e.g., 
magnetic storage medium, such as hard disk drive, floppy disk, tape), optical storage 
(e.g., CD-ROM, DVD-ROM, optical disk, etc.), volatile and non-volatile memory device 
(e.g., Electrically Erasable Programmable Read Only Memory (EEPROM), Read Only 
5 Memory (ROM), Programmable Read Only Memory (PROM), Random Access Memory 
(RAM), Dynamic Random Access Memory (DRAM), Static Random Access Memory 
(SRAM), flash, fimiware, programmable logic, etc.). Code in the computer readable 
medium may be accessed and executed by a machine, such as, a processor. In certain 
embodiments, the code in which embodiments are made may further be accessible 

10 through a transmission medium or from a file server via a network. In such cases, the 
article of manufacture in which the code is implemented may comprise a transmission 
medium, such as a network transmission line, wireless transmission media, signals 
propagating through space, radio waves, infrared signals, etc. Of course, those skilled in 
the art will recognize that many modifications may be made without departing from the 

15 scope of the embodiments, and that the article of manufacture may comprise any 
information bearing medium known in the art. 

[0044] FIG. 7 illustrates a block diagram of a computer architecture in which certain 
embodiments are implemented. FIG. 7 illustrates one embodiment of the host system ICQ. 
The host system 100 may implement a computer architecture 700 having a processor 702 

20 (such as the host processor 1 06), a memory 704 (e.g., a volatile memory device, such as, 
the host memory 108), and storage 706. The storage 706 may include a non-volatile 
memory device (e.g., EEPROM, ROM, PROM, RAM, DRAM, SRAM, flash, firmware, 
programmable logic, etc.), magnetic disk drive, optical disk drive, tape drive, etc. The 
storage 706 may comprise an internal storage device, an attached storage device and/or a 

25 network accessible storage device. Programs in the storage 706 may be loaded into the 
memory 704 and executed by the processor 702 in a manner known in the art. The 
architecture may further include a network card 708 (such as network adapter 1 12) to 
enable communication with a network. The architecture may also include at least one 
input device 710, such as a keyboard, a touchscreen, a pen, voice-activated input, etc., 

30 and at least one output device 712, such as a display device, a speaker, a printer, etc. 
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[0045] In certain implementations, network adapter may be included in a computer 
system including any storage controller, such as a Small Computer System Interface 
(SCSI), AT Attachment hiterface (ATA), Redundant Array of Independent Disk (RAID), 
etc., controller, that manages access to a non-volatile storage device, such as a magnetic 
5 disk drive, tape media, optical disk, etc. In altemative implementations, the network 
adapter embodiments may be included in a system that does not include a storage 
controller, such as certain hubs and switches. Further details of SCSI are described in 
the publication entitled "Information Technology: SCSI-3 Architecture Model," prepared 
by the X3T10 Technical Committee (published November 1995). Further details of ATA 

10 are described in the publication entitled "AT Attachment-3 Interface (ATA-3)" prepared 
by the X3T10 Technical Committee (published October 1995). 
[0046] Certain embodiments may be implemented in a computer system including a 
video controller to render information to display on a monitor coupled to the computer 
system including the network adapter 1 12, such as a computer system comprising a 

15 desktop, workstation, server, mainframe, laptop, handheld computer, etc. An operating 
system may be capable of execution by the computer system, and the video controller 
may render graphics output via interactions with the operating system. Alternatively, 
some embodiments may be implemented in a computer system that does not include a 
video controller, such as a switch, router, etc. Furthermore, in certain embodiments the 

20 network adapter may be included in a card coupled to a computer system or on a 
motherboard of a computer system. 

[0047] At least certain of the operations of FIGs. 4, 5, and 6 may be performed in 
parallel as well as sequentially. In altemative embodiments, certain of the operations may 
be performed in a different order, modified or removed. 
25 [0048] Furthermore, many of the software and hardware components have been 
described in separate modules for purposes of illustration. Such components may be 
integrated into fewer number of components or divided into larger number of 
components. Additionally, certain operations described as performed by a specific 
component may be performed by other components. In certain implementations the 
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network adapter may be a specialized part of the central processing unit of the host 
system. 

[0049] The data structures and components shown or referred to in FIGs. 1-7 are 
described as having specific types of information. In alternative embodiments, the data 
5 structures and components may be structured differently and have fewer, more or 
different fields or different functions than those shown or referred to in the figures. 
Furthermore, although certain embodiments have been described with respect to the 
TCP/IP protocol, other protocols may also be used. 

[0050] Therefore, the foregoing description of the embodiments has been presented for 
10 the purposes of illustration and description. It is not intended to be exhaustive or to limit 
the invention to the precise form disclosed. Many modifications and variations are 
possible in light of the above teaching. 



